SLF6 of S 2 -haplotype, we used the sequences of these genes of S 5 -S 7 -, S 9 -, and S 11 --haplotypes of P. hybrida to design primers (Supplemental Table 1 ) for Polymerase Chain Reaction (PCR) screening of our previously constructed bacterial artificial chromosome library , and for amplifying S 3 -SLF5 and S 3 -SLF6 from genomic DNA of S 3 S 3 genotype. The deduced amino acid sequences of S 2 -SLF4; S 2 -SLF5 and S 3 -SLF5; and S 2 -SLF6 and S 3 -SLF6 were more than 90% identical with those of S 5 -S 7 -, S 9 -, S 11 -, S 17 -and S 19 -alleles of the corresponding genes of P. hybrida (Supplemental Table 2 ).
Based on the in vivo transgenic assay for pollen specificity , if an SLF of S 2 -haplotype causes breakdown of SI in S 2 S 3 transgenic plants, we can conclude that expression of this gene causes breakdown of SI in S 3 pollen, as an SLF of S 2 -haplotype is not expected to affect the SI behavior of S 2 pollen (Supplemental Figure 1) . This finding would suggest that this SLF interacts with and detoxifies S 3 -RNase in S 3 transgenic pollen tubes, allowing them to be compatible with S 3 -carrying pistils .
Similarly, if an SLF of S 3 -haplotype causes breakdown of SI in S 2 S 3 transgenic plants, this would suggest that this SLF interacts with and detoxifies S 2 -RNase in S 2 transgenic pollen, allowing them to be compatible with S 2 -carrying pistils.
We had previously made an S 2 -SLF8 transgene construct in which the pollen-specific Late Anther Tomato 52 promoter (LAT52P) (Twell et al., 1990 ) was used to express S 2 -SLF8 fused at its 3´ end to the coding sequence of Green Fluorescence Protein (GFP), and found that transgenic plants pBI101-LAT52P:S 2 -SLF8:GFP/S 2 S 3 remained self-incompatible . This finding suggested that S 2 -SLF8 did not cause breakdown of SI in S 3 pollen (Supplemental Table 3 ). We made similar S 2 -SLF4, S 2 -SLF5, S 2 -SLF6, S 3 -SLF5, and S 3 -SLF6 transgene constructs (Supplemental Figure 2) , and used the strategy outlined in Supplemental Figure 3 to assess their function in pollen specificity.
Each transgene construct was introduced into P. inflata plants of S 2 S 3 genotype. PCR was performed on genomic DNA isolated from at least 10 of the plants for each transgenic line using a primer pair designed based on the GFP sequence (Supplemental Table 1 ). To determine whether the transgene carried by the transgenic plants was expressed, pollen from all the transgenic plants was germinated in vitro and the pollen tubes were observed for GFP fluorescence by a fluorescence microscope. For each transgenic plant, at least 50% of the pollen tubes observed in the bright field showed fluorescence in the dark field (Supplemental Figure 4) , consistent with the expectation that at least half of the pollen produced carried the transgene, depending on number of transgene copies. For each transgenic line, one or more transgenic plants whose in vitro germinated pollen tubes showed strong GFP fluorescence were used for further analysis.
We used pollen from the S 2 S 3 transgenic plants selected from each of the five transgenic lines to self-cross with wild type plants of S 2 S 3 genotype (performed in triplicate) ( Step 4 of Supplemental Figure 3) . Only pollination between a pBI101-LAT52P:S 3 -SLF6:GFP/S 2 S 3 plant and a wild-type S 2 S 3 plant resulted in fruit set. To confirm that the breakdown of SI in this T 0 plant was due to expression of S 3 -SLF6 in S 2 pollen, we raised 24 T 1 plants from the self-crossed progeny (Step 5) to determine their S-genotypes and inheritance of the transgene by PCR, using the S 2 -RNase-, S 3 -RNase-and GFP-specific primers (Supplemental Table 1 ). As shown in Supplemental Table 4, 9 were S 2 S 3 and 15 were S 2 S 2 , and all 24 plants carried the transgene, indicating that only S 2 pollen expressing the S 3 -SLF6:GFP transgene was compatible with S 2 S 3 pistils. This finding suggests that S 3 -SLF6 interacts with and detoxifies S 2 -RNase, allowing S 2 transgenic pollen tubes to be compatible with S 2 -carrying pistils. Thus, we conclude that SLF6 is involved in pollen specificity.
As the role of SLF4, SLF5, and SLF8 in pollen specificity could not be revealed from the study in the S 2 S 3 genotype background, we examined their function in additional In summary, we examined thirty-three pairwise relationships between S 2 -allele and/or S 3 -allele of SLF4, SLF5, SLF6 and SLF8 and pollen of up to eight different S-haplotypes (S 2 , S 3 , S 5 , S 6a , S 7 , S 11 , S 12 , and S 13 ), and found four additional SLF genes to be involved in pollen specificity, bringing the total number from 3 to 7. The relationships between these SLF proteins and S-RNases, as suggested from the in vivo transgenic assay performed in this study, as well as the relationships between S 2 -SLF1 and S-RNases, as suggested from previous transgenic assays , are shown in Figure 1 .
These relationships lay the foundation for studying the biochemical basis of differential interactions between S-RNases and SLF proteins. Each SLF protein produced by pollen of either S 2 -or S 3 -haplotype and its relationship with various S-RNases are shown in individual circles. The SLF is indicated at the top of each circle and S-RNases are indicated along the periphery (e.g., S 2 -, S 3 -, S 5 -, represent S 2 -RNase, S 3 -RNase and S 5 -RNase, respectively). A solid arrow line between an SLF and an S-RNase indicate that they interact; a dashed line between an SLF and an S-RNase indicates no interaction. The relationships between S 2 -SLF1 and all the S-RNases shown were obtained by and , the relationships between S 3 -SLF1 and two S-RNases were obtained by ; the relationships between S 2 -SLF8 and S 2 -and S 3 -RNases were obtained by . All the other relationships were established from the results of the in vitro transgenic assay performed in this work, as summarized in Supplemental Table 3 . The left panel shows self-pollination of a wild-type P. inflata plant of S 2 S 3 genotype. S 2 -RNase molecules (indicated by black ovals) and S 3 -RNase molecules (indicated by gray ovals) produced in the pistil are taken up by all pollen tubes. None of the SLF proteins produced in S 2 pollen can interact with and detoxify their self S-RNase, S 2 -RNase, in the cytoplasm of the S 2 pollen tube, and none of the SLF proteins produced in S 3 pollen can interact with and detoxify their self S-RNase, S 3 -RNase, in the cytoplasm of the S 3 pollen tube. Consequently, growth of both S 2 and S 3 pollen tubes in the S 2 S 3 pistil is inhibited by S 2 -RNase and S 3 -RNase, respectively. The right panel shows pollination of a wild-type plant of S 2 S 3 genotype by pollen from a transgenic plant of S 2 S 3 genotype expressing an S 2 -SLF1 (SLF1 gene of S 2 -haplotype) transgene, driven by the pollen-specific LAT52 promoter. This self-cross is self-compatible. All the progeny plants are either S 2 S 3 or S 3 S 3 , and all of them inherit the transgene, suggesting that production of S 2 -SLF1 in S 3 pollen causes breakdown of self-incompatibility. That is, S 2 -SLF1 is capable of interacting with and detoxifying S 3 -RNase to allow S 3 pollen to be compatible with S 3 -carrying pistils. This transgenic assay thus reveals that SLF1 is one of the SLF genes involved in pollen specificity. 
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LAT52P:S x -SLFn:GFP:Nos-ter
Step 1 Making transgene constructs
Step 2 Electroporation of Agrobacterium, and Agrobacterium-mediated transformation of S 2 S 3 genotype of Petunia inflata
Step 3 Verification of transgene insertion by PCR, and confirmation of transgene expression by GFP fluorescence
Step 4 Examination of SI behavior of selected T 0 plants by self-crossing as male with S 2 S 3 wild-type plants
Step 5 Progeny from self-compatible T 0 plants are raised and analyzed for transgene inheritance and Sgenotypes by PCR.
Step 6 Self-incompatible T 0 plants are crossed as male with wild-type S 5 S 11 , S 7 S 13 , S 6a S 6a and S 12 S 12 genotypes.
Step 6A T 1 progeny are raised and analyzed for inheritance of transgene and S-genotypes by PCR.
Step 6B T 1 progeny of S 2 S x are selected for analysis of SLF genes of S 2 -haplotype, and T 1 progeny of S 3 S x are selected for analysis of SLF genes of S 3 -haplotype.
Step 6C T 1 progeny are used as male to cross with wild-type plants of the respective S-genotypes.
Step 6D For self-compatible crosses, T 2 progeny are raised and analyzed for inheritance of the transgene and S-genotypes. Step 1: Generation of LAT52P:S x -SLFn:GFP transgene constructs in Ti plasmid pBI101, where S x -SLFn denotes one of the following genes: S 2 -SLF4, S 2 -SLF5, S 2 -SLF6, S 3 -SLF6.
Supplemental Figure 3
Step 2: Electroporation of Agrobacterium with each transgene construct, transformation of leaf tissues of P. inflata plants of S 2 S 3 genotype, and regeneration of T 0 plants.
Step 3: Verification of presence of the transgene in T 0 plants of each transgenic line by PCR amplification of a 0.5-kb GFP fragment, followed by confirmation of expression of the transgene in pollen by fluorescence microscopy.
Step 4: Examination of SI behavior of selected T 0 plants in each transgenic line by using their pollen to self-cross with wild-type S 2 S 3 plants.
Step 5: For those T 0 plants that set fruits (i.e., self-compatible), T 1 plants are raised from one progeny of each transgenic line for PCR analysis of their S-genotypes and inheritance of the transgene. In the event that an SLF gene of S 2 -haplotype causes breakdown of SI in a T 0 plant of S 2 S 3 genotype, 100% transgene inheritance in the progeny is expected, with ~1:1 ratio of S 2 S 3 and S 2 S 3 plants.
Step 6: For those T 0 plants that are incompatible with wild-type S 2 S 3 plants, they are crossed as male with wild-type plants of S 5 S 11 , S 7 S 13 , S 6a S 6a and S 12 S 12 genotypes.
Step 6A: T 1 plants are raised from each cross and analyzed by PCR for their S-genotypes and inheritance of the transgene. For the study of SLF genes of S 2 -haplotype, T 1 plants of S 2 S x genotype are selected for analysis in Step 6B, and for the study of SLF genes of S 3 -haplotype, T 1 plants of S 3 S x genotype are selected. S x denotes S 5 , S 6a , S 7 , S 11 , S 12 , or S 13 .
Step 6C: T 1 plants selected in Step 6b are self-crossed as male with wild-type plants of the respective S-genotypes. Step 6D: For those self-crosses that set fruits (i.e., self-compatible), T 2 plants are raised from one progeny of each T 1 transgenic line, and are analyzed by PCR for their S-genotypes and inheritance of the transgene. In the event that a given SLF gene of S 2 -haplotype (S 3 -haplotype) causes breakdown of SI in a T 1 plant, 100% transgene inheritance in the progeny is expected, with ~1:1 ratio of S 2 S x (S 3 S x ) and S x S x plants, where S x represents a different Shaplotype. Note that transgenic plant pBI101-LAT52P:S 2 -SLF8:GFP/S 2 S 3 had been previously generated and its SI behavior had been determined . This transgenic plant entered the workflow at Step 6. Step 2 Step 3 Step 4 Cycles (Steps 2-4)
Supplemental Figure 4
Step 5 
S-genotyping
Note: universal forward primers for 5' RACE were provided in the SMARTer™ RACE cDNA Amplification Kit, and cycling conditions were performed as indicated by the kit protocol.
Note: universal reverse primers for 3' RACE were provided in the SMARTer™ RACE cDNA Amplification Kit, and cycling conditions were performed as indicated by the kit protocol.
a Primer names ending with, or containing, "For" "for", "FW" and "Forward" denote forward primers; primer names ending with, or containing, "Rev", "REV", "Reverse" denote reverse primers. SLF6 a .
S 2 -SLF4 S 5 -SLF4 S 7 -SLF4 S 9 -SLF4 S 11 -SLF4 S 17 -SLF4 S 19 -SLF4 
, and KF524355 (S 3 -SLF6) from Petunia inflata;
(S 17 -SLF6), and AB568422 (S 19 -SLF6) from Petunia axillaris; AB568405 (S 5 -SLF4), AB568406 (S 7 -SLF4),
AB568414 (S 11 -SLF5), AB568417 (S 5 -SLF6), AB568418 (S 7 -SLF6), AB568419 (S 9 -SLF6), and AB568420 (S 11 -SLF6) from Petunia hybrida.
Supplemental Table 2 Supplemental Table 3 Supplemental 
METHODS
Plant Material
S 2 S 2 , S 3 S 3 , and S 2 S 3 genotypes of Petunia inflata were described by Ai et al. (1990) , and S 5 S 11 and S 7 S 13 genotypes were described by Wang et al. (2001) Quattrocchio et al. (1999) , and S 6 was designated S 6a to distinguish it from our previously reported and genetically distinct S 6 -haplotype (Wang et al., 2001 ).
Cloning and Sequencing of SLF4, SLF5 and SLF6 Genes of S 2 -and S 3 -Haplotypes
To identify S 2 -SLF4, S 2 -SLF5, and S 2 -SLF6, the previously constructed BAC library of S 2 -haplotype was screened by PCR, following the procedure described by Wang et al. (2004) , using primers designed based on the sequences of SLF4, SLF5 and SLF6 of S 5 , S 7 , S 9 , and S 11 haplotypes of P. hybrida . Primer sequences and PCR conditions are listed in Supplemental Table 1 . The primers used to clone S 2 -SLF5 and the primers used to clone S 2 -SLF6 were used to amplify S 3 -SLF5 and S 3 -SLF6, respectively, first from genomic DNA isolated from plants of S 3 S 3 genotype and then from cDNA synthesized from total RNA of S 3 pollen. The SMARTer® RACE cDNA Amplification Kit (Clontech, CA, USA) was used to obtain the 5 end of S 3 -SLF5 using gene specific primer S3-SLF5-REV, and 5 end of S 3 -SLF6 using gene-specific primer S3-SLF6-Rev, following the manufacturer's protocol. The same kit was used to obtain the 3 end of S 3 -SLF5 using gene specific primer S3-SLF5-For 3'RACE, and to obtain the 3 end of S 3 -SLF6 using gene specific primer S3SLF6FW 3RACE. All the PCR products were individually cloned into PGEM®-T Easy (Promega, WI, USA) for sequencing. All DNA sequencing was performed at The Pennsylvania State University Nucleic Facility (http:// tanager.huck.psu.edu).
Generation of Ti Plasmid Constructs and Plant Transformation
A total of six Ti plasmid constructs were used in this study. All were made in pBI101, and each contained the Late Anther Tomato 52 promoter (LAT52P) (Twell et al., 1990 ) driving the expression of a particular SLF gene fused at its 3 end with the coding sequence of Green Fluorescence Protein (GFP). One of the constructs had been reported previously:
pBI101-LAT52P:S 2 -SLF8:GFP . The five constructs made for this work are represented schematically in Supplemental Figure 2 . pBI101-LAT52P:S 2 -SLF4:GFP was generated as described by , and the other four constructs, pBI101- was performed to join the ~0.6-kb LAT52 promoter fragment, an ~1.2-kb fragment containing a specific SLF gene, the ~1.1-kb fragment containing GFP and Nos, and Sal1-EcoR1 digested pBI101 in one reaction according to the In-Fusion HD cloning protocol as described by . All the Ti plasmid constructs were electroporated into competent cells of Agrobacterium tumefaciens (LBA4404), and subsequently used in Agrobacterium-mediated transformation of leave tissues of P. inflata as described by Lee et al. (1994) .
Visualization of GFP Fluorescence
As described by Meng et al. (2009) , mature pollen was germinated in pollen germination medium (Lee et al., 1996) for a maximum period of 2 h. Pollen tubes were visualized using a JENOPTIK ProgRes C14plus camera on an Olympus S2X16 microscope (Supplemental Figure 4A , 4B, 4C, 4D, and 4E) at 110x magnification.
Genomic DNA Isolation and Genotyping by PCR
Isolation of genomic DNA was performed using Plant DNAzol® Reagent by Invitrogen (CA, USA), according to the manufacturer's protocol as described in Meng et al. (2011) .
S-haplotype specific primers for S-RNase or SLF1 were used to genotype all of the plants used in these experiments. The PCR conditions for each primer pair used are shown in Supplemental Table 1 .
Amino Acid Sequence Alignment and Analysis
The evolutionary distance analyses were performed in MEGA 5.1, using the pair-wise deletion p-distance method, assuming uniform rates among sites, and homogenous patterns among lineages. These analyses were based upon alignments of deduced amino acid sequences produced in MEGA 5.1 (Tamura et al., 2011) using ClustalW (Thompson et al., 1994 ) with default settings.
